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What got you interested in brain
research? At 17, I had the chance
to participate in some of the
legendary mind–body seminars at
the Max Planck Institute of
Behavioural Physiology at
Seewiesen. Once, in 1957 or 1958,
the philosopher and physicist Carl
Friedrich von Weizsäcker was a
guest speaker. In the audience
were Erich von Holst, Konrad
Lorenz and about 30 others,
crowded into a little seminar room.
Weizsäcker’s topic was the
meaning of quantum mechanics for
brain research. He tried to explain
why it did not make sense to think
of an electron as existing
independently of the observer.
Lorenz did not like Weizsäcker’s
view and tried, again and again, to
offer less radical conclusions, but
Weizsäcker refuted each one of
them. By the end Lorenz was in a
rage, declared further discussions
futile and rushed out of the room,
slamming the door behind him.
Dead silence followed. Eventually
someone was sent after him to get
him back to the session. I was
thrilled by all this commotion
realizing that some scientific
questions were close to our most
existential beliefs and that it would
be worthwhile to be concerned
with such issues for a lifetime. 
Who had the most influence on
your scientific education?
Outside of my family, probably Max
Delbrück. I worked with him as a
postdoc. He had left Germany for
the United States just before the
2nd World War and was then back
on sabbatical in Cologne where he
had just helped found the well
known Genetics Institute in
Cologne, an attempt to bring
excellent research to German
universities.
How did you get to work with
Delbrück? A friend suggested I
ask Delbrück where one could do
brain research in the States. When I
called, Delbrück thought a moment
and said: “Well, it is not quite brain
research, but why don’t you work
with us?”. I had a great time with
him. He had three good lessons.
First, science must be fun. Second,
do not tell me anything I should
keep secret. And third, keep asking
until you have understood or know
that a proper answer can presently
not be given. (Delbrück exercised
this principle even in public
seminars with large audiences,
which caused obvious problems.)
And the influence of your
family? This is more difficult to say.
I guess your way of thinking must
be rooted to some extent in the
environment of your childhood. We
were seven children and it was
largely my mother who was in
charge of our upbringing. My father
contributed fun and games, but
otherwise got involved in our
education only if something
important was at stake. For
instance, if our performance at
school dropped way below
acceptable limits, he had stories of
general wisdom like “From nothing
comes nothing”, or by analogy with
a vending machine “To get out a
candy, you better put in a coin.” I
remember only few occasions in
which I had my father for myself; on
one of these he told me about the
meaning of science. He explained
that science takes place and is
rooted in the human language (of
which mathematics is a part). The
language into which we are born is
part of our culture. There is nothing
to escape this fundamental
condition. Even terms such as
‘nature’ or ‘reality’ have changed
their meaning in the course of
history.
Is it difficult having a famous
father? It is a great privilege to
have a father with a lucid mind
whom one can love, one who is still
vividly present in one’s mind a
whole generation after he passed
away. What is difficult to bear is the
recent public debate which has
distorted his personality as much
as history. 
Is there a central goal in brain
science? Evidently, understanding
the brain. You will find two
opposing attitudes towards this
question. Some say it is already
answered and we have just to fill in
the details. Others feel, as I do, that
the most basic operating scheme is
still obscure. Perhaps the machine
concept is leading us astray. Our
unformalized models of the brain
disregard the autonomy of
organisms. But there is abundant
evidence for this autonomy.
Dreams and hallucinations provide
us with vivid experiences from
‘within’. Or take electrical
stimulation: how else but through a
process of self-organization could
a local, uncoordinated neural
activation lead to meaningful
behaviour and rich experiences.
Equally impressive is the recent
success of stem cell implants in the
adult rat brain after experimental
stroke, leading to an improvement
of cognitive behaviour. The real
brain model will be built around its
self-organizing powers. Life
permanently confronts us with
genuinely new situations. Thus,
behaviour must be creative to have
success. This means to decide,
take the initiative and try things out.
Such properties of brains can only
be derived from autonomy. I still
hope to see a basic behavioural
model of the brain being
developed.
What made you work with flies?
I studied chemistry, then switched
to viruses and bacteria, then to a
fungus in Delbrück’s lab. I was in
the midst of molecular biology
which was great fun. But at some
point I realized that it was not brain
research. At that time Drosophila
with its potent genetics was just
about to go molecular. And flies
have brains. I hoped for a while
that I could understand fly brains
just as chemists understand their
molecules. I was still young, I was
determined not to get trapped by
the mind–body problem.
Do flies have feelings and a
world model? I soon realized that,
even with the smallest animal,
studies of brain function can not
avoid the mind–body problem. I
started out with the visual system.
Does a fly see? If so, what does it
see? Infinite confusion. But you
asked about feelings: we have
access to the feelings of our fellow
humans primarily by empathy. We
assume others feel like us. This
sharpens our perception of the
differences and uniqueness of the
other. With animals the empathy
approach does not fully work. They
are just too different. 
But what — if anything — of
what we know about human
feelings applies to flies? Science
treats these ‘mind questions’
always in the same manner: we
first have to establish a catalogue
of objective criteria going along
with our own feelings. (Just to have
the feelings is not enough.) With
this catalogue we are then in the
position to investigate which of the
criteria also apply to the fly. Finally,
we have to decide whether to call it
the same or not. But do not forget,
we are talking about criteria
accompanying the feelings, not the
feelings themselves. 
You still haven’t answered the
question! Flies show signs of pain
and avoid the smell of dead flies
(as if they had fear); they fight with
other flies and their courtship is
motivationally regulated. For the
other mental phenomenon you
mentioned, the experience of a
‘world model’, a catalogue of
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Frozen ark to hold samples of
endangered species
A new repository, aiming to be a
modern version of Noah’s Ark, has
been designed to save DNA and
tissue samples from thousands of
creatures facing extinction.
Launched by researchers at
Britain’s Natural History Museum in
London, the project was set up to
preserve material from a vast array
of animals under threat of imminent
extinction because of human
actions. Thousands of species are
under threat within the next few
decades because of pollution, war
and habitat destruction.
Scientists behind the project,
dubbed the Frozen Ark, are keen to
preserve the DNA and tissue
samples of endangered animals so
they can continue research into
their evolutionary histories even if
they become extinct. The project is
supported by the museum, the
Zoological Society of London and
the Institute of Genetics at the
University of Nottingham. More
ambitiously, scientists hope one
day that the material may be useful
in cloning techniques. 
“Because of man’s actions,
species are going extinct at an
alarming rate. We’re losing them
now at a rate that’s as serious as
the great extinctions,” says Philip
Rainbow of the Natural History
Museum.
“The ultimate desire is that if we
keep tissue samples, we can one
day implant these into surrogate
parents and get them back. It may
sound fanciful, but it’d be a great
pity if in 40 years’ time scientists
are saying, ‘look what we can do
now, why didn’t you keep tissue
samples of these animals?’.” 
Last month, DNA samples from
the scimitar-horned oryx, which
was declared extinct in the wild
last year, became the first to be
deposited, along with samples
from the Socorro dove, a coral fish
called the banggai cardinal, the
yellow seahorse and the mountain
chicken, which is actually a
Caribbean frog (see box).
Other species will follow shortly,
including the Polynesian tree snail,
A new project hopes to save
something for posterity from
dwindling species. Nigel Williams
reports.
Box 1 
First entrants into the frozen ark.
The scimitar-horned oryx
Named after its scimitar-shaped horns, the oryx used to range throughout northern Africa.
Overhunting, desertification and continuing wars in Africa have all contributed to its decline. It
was declared extinct in the wild last year and exists now only in specialised breeding
programmes in captivity.
The Socorro dove
Unique to Socorro, a remote island off the west coast of Mexico, the Socorro dove has been in
decline since 1957 because of habitat loss and the introduction of domestic cats. The birds are
now being bred in captivity and plans are in place to reintroduce them to the wild if their habitat
can be made safe. 
The mountain chicken
This Caribbean frog survives only on the islands of Monserrat and Domenica. The population
was hit badly by the Monserrat volcano eruption. On Domenica, it suffered from being a prized
food confounded by a devastating skin fungus epidemic. It is now being bred in captivity. 
The banggai cardinal
This fish just measures a few centimetres in length, black and white in colour, living on only a
small region of coral reefs. The species is threatened by over-collection by the pet trade. 
The yellow seahorse
This is endangered because of its appeal to aquarium owners and its use in Chinese medicine.
The species is now being bred in captivity in the hope of restoring numbers in the wild. Females
lay their eggs in pouches on the male’s belly and the male later releases live young. 
